Matrix free Mg2+ changes with metabolic state in isolated heart mitochondria.
The concentration of free Mg2+ in the matrix of isolated heart mitochondria has been monitored by using the fluorescent probe furaptra (mag-fura-2). Beef heart mitochondria respiring in a KCl medium in the absence of external Mg2+ maintain free matrix Mg2+ near 0.50 mM. Addition of Pi under these conditions decreases free Mg2+ by 0.12-0.17 mM depending on the substrate. This decrease in free Mg2+ appears to reflect changing ligand availability in the matrix. The decrease is prevented when the Pi transporter is blocked by mersalyl. Addition of ADP to initiate state 3 respiration causes a marked increase in free matrix Mg2+ (0.1-0.2 mM) that persists as long as ATP formation is taking place; free Mg2+ then returns to the base level. This cyclic change is blocked by oligomycin and carboxyatractyloside and appears to reflect to a large extent the decrease in matrix Pi that accompanies oxidative phosphorylation. Exchange of external ADP for matrix ATP may also contribute to the increase in free matrix Mg2+. Addition of an uncoupler promotes anion efflux and increases free matrix Mg2+. Similar changes in free Mg2+ on addition of Pi, ADP, or uncoupler are seen when extramitochondrial Mg2+ is buffered from 0.5 to 2 mM, but the basal free matrix Mg2+ increases as external Mg2+ concentration increases in this range. Free matrix Mg2+ also increases when total mitochondrial Mg2+ is increased by respiration-dependent uptake in the presence of Pi. It is concluded that matrix free Mg2+ changes significantly with changing ligand availability and that such changes may contribute to the regulation of Mg2(+)-sensitive matrix enzymes and membrane transporters.